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The title complex, [Mn 2 (C 18 H4O 10 )(H2O)4]„, was synthesized 
from manganese(II) chloride tetrahydrate and 9,10-dioxo- 
9, 1 0-dihydro anthracene- 1,4, 5, 8- tetracarboxy lie acid 
(H 4 AQTC) in water. The anthraquinone unit is located about 
a crystallographic center of inversion. Each asymmetric unit 
therefore contains one Mn" atom, two water ligands and one 
half AQTC 4 ~ anion. The Mn 11 atom is coordinated in a 
distorted octahedral geometry by four O atoms from three 
AQTC 4 ~ ligands and two water O atoms. Two of the 
carboxylate groups coordinate one Mn 11 atom in a chelating 
mode, whereas the others each coordinate two Mn 11 atoms. 
Each AQTC 4 ~ tetra -anion therefore coordinates six different 
Mn 11 ions and, as a result, a three-dimensional coordination 
polymer is formed. O— H- ■ O hydrogen bonds, some of them 
bifurcated, between water ligands and neighboring water or 
anthraquinone ligands are observed in the crystal structure. 

Related literature 

For general background to metal-organic frameworks, see: Li 
et al. (1999, 2012); Cheng et al. (2010); Hong et al. (2009); 
Miller & Gatteschi (2011); Liu et al. (2010). 




Experimental 

Crystal data 

[Mn 2 (C 18 H 4 O 10 )(H 2 O) 4 ] 
M, = 562.16 
Monoclinic, P2 l /c 
a = 11.2255 (16) A 
b = 8.4153 (13) A 
c = 9.7252 (14) A 
B = 92.355 (2)° 

Data collection 

Bruker SMART APEX CCD area- 
detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2000) 
= 0.553, r max = 0.702 

Refinement 

R[F 2 > 2a(F 2 )} = 0.028 

wR(F 2 ) = 0.076 

S = 1.08 

1609 reflections 

170 parameters 

2 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 917.9 (2) A 3 
Z = 2 

Mo Ka radiation 
/x = 1.46 mm -1 
T = 273 K 

0.46 x 0.32 x 0.26 mm 



4340 measured reflections 
1609 independent reflections 
1499 reflections with / > 2a(I) 
R iM = 0.065 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap max = 0.35 e A~ 3 

Ap mi „ = -0.41 e A~ 3 



D-H-A 


D—H 


H-A 


D- ■ A 


D-H-A 


08-H3- ■ 02' 


0.78 (3) 


2.03 (3) 


2.715 (2) 


160 (3) 


08-H4- ■ 03" 


0.89 (4) 


1.86 (4) 


2.742 (2) 


174 (3) 


08-H4- ■ 06" 


0.89 (4) 


2.60 (3) 


3.159 (2) 


121 (3) 


09-H5 - ■ 08'" 


0.81 (1) 


2.03 (1) 


2.832 (3) 


168 (4) 


09-H6- ■ 06" 


0.81 (1) 


2.38 (2) 


3.135 (3) 


157 (5) 


09-H6- ■ 07 m 


0.81 (1) 


2.50 (4) 


3.031 (3) 


124 (4) 


Symmetry codes: (i) x 


-y + \, z - 


|; (ii) x -l,-y- 


1- 1, z - J; (in) -x 


y + \,-z + \. 



Mn--'-: 



Data collection: SMART (Bruker, 2000); cell refinement: SAINT 
(Bruker, 2000); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

The authors thank the Center of Testing and Analysis, 
Nanjing University, for support. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: IM2383). 
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Poly [tetraaqua(a 6 -9,1 0-dioxo-9,1 0-dihydroanthracene-1 ,4,5,8-tetracarboxyl- 
ato)dimanganese(l I)] 

Rui Xu and Jian-Lan Liu 

Comment 

Porous solid materials, such as MOFs (metal-organic frameworks) have been widely studied for their potential 
applications in gas absorption, separation, catalysis and magnetic materials. Explorations of advanced porous materials 
for these applications are an intense subject of scientific research (Li et al. ,1999; Li et al, 2012; Cheng et al, 2010; Hong 
et al, 2009; Miller & Gatteschi, 2011; Liu et al, 2010.) Herein we report the crystal structure of the title compound. 

The molecular structure of (I) is illustrated in Fig. 1., a summary of the observed hydrogen bonds and the corresponding 
angles are given in Table 1 . 

Each asymmetric unit therefore contains one manganese(II) atom, two water ligands and one half AQTC 4 " ligand. The 
coordination sphere around manganese is distorted octahedral due to the coordination of four O atoms from three AQTC 4 " 
ligands and two O atoms from two water molecules. Two of the carboxylate groups coordinate one manganese in a 
chelating mode whereas the others each coordinate two manganese center. Each AQTC 4 " therefore coordinates six 
different manganese ions and as a result a three-dimensional coordination polymer is formed. 

Experimental 

A mixture of 9,10-dioxo-9,10-dihydroanthracene-l,4,5,8-tetracarboxylic acid (ILAQTC; 0.025 mmol, 9.8 mg) was added 
to distilled water (4 ml) and ultra-sounded for 10 min. The pH value of the mixture was then adjusted to 7.0 with sodium 
hydroxide (0.5 mol L' [ ), prior to the addition of manganese(II) chloride tetrahydrate (0.05 mmol, 9.9 mg). The reactants 
were placed in a Teflon-lined stainless steel vessel, heated for 3 days, and then cooled to ambient temperature over 12 h. 
The solution was exposed to air for three days leading to the precipitation of brown crystals (yield 10%). 

Refinement 

All non-hydrogen atoms were refined anisotropically. H atoms of the H 2 0 ligands were determined in difference Fourier 
maps and refined isotropically with distance restraints for 09 — H5 and 09 — H6 of 0.82 A. H atoms of AQTC 4 " ligands 
calculated in idealized positions with C — H = 0.93 A and refined as riding atoms, with [/ iso (H) = 1.2£/ eq (C). 

Computing details 

Data collection: SMAR T (Bruker, 2000); cell refinement: SAINT (Bruker, 2000); data reduction: (Bruker, 2000); 

program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008). 
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Figure 1 

One repeating unit of the coordination polymer, showing displacement ellipsoids at the 30% probability level. [Symmetry 
codes: (#1) x + \,-y,-z + 1; (#2) x+\,y+ 1/2,-z + 1/2; (#3) x+ l,-y + l,-z+ 1; (#4) x+\,y- 1/2,-z + 1/2.] 




Figure 2 

A view of the crystal structure of the title compound. 
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Poly[tetraaqua(jj 6 -9,1 0-dioxo-9,1 0-dihydroanthracene-1 ,4,5,8- tetracarboxylato)dimanganese(ll)] 



Crystal data 

[Mn 2 (C 18 H4O 10 )(H 2 O)4] 
M r = 562.16 
Monoclinic, Pl\lc 
Hall symbol: -P 2ybc 
a = 11.2255 (16) A 
b = 8.4153 (13) A 
c = 9.7252 (14) A 
^ = 92.355 (2)° 
K= 917.9 (2) A 3 
Z=2 

Data collection 

Broker SMART APEX CCD area-detector 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
phi and w scans 

Absorption correction: multi-scan 

(SADABS; Broker, 2000) 
r mm = 0.553, r max = 0.702 

Refinement 

Refinement on T 72 

Least-squares matrix: full 

R[F > 2a(F 2 )] = 0.028 

wR(F*) = 0.076 

S = 1.08 

1609 reflections 

170 parameters 

2 restraints 

Primary atom site location: structure-invariant 
direct methods 



F(000) = 564 

D x = 2.034 Mg m" 3 

Mo ATa radiation, 1 = 0.71073 A 

Cell parameters from 5133 reflections 

9 = 2.2-27.6° 

fi= 1 .46 mm -1 

7=273 K 

Block, brown 

0.46 x 0.32 x 0.26 mm 



4340 measured reflections 
1609 independent reflections 
1499 reflections with / > 2a(I) 
R mt = 0.065 

9max = 25.0°, 9 m i n = 3.0° 

h = -12— >13 
/fc = -10->7 
/ = —11 — ^11 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = 1/[cj 2 (F 0 2 ) + (0.0357P) 2 + 0.3487P] 

where P = (F 2 + 2F 2 )/3 
(A/ff) max < 0.001 
Ap max = 0.35 e A" 3 
Ap mm = -0.41 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted A-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > ^(F 2 ) is used 
only for calculating A-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



y 



11 *IU 

^ iso i ^ ec 



CI 
C2 
C3 
C4 



0.32095 (18) 
0.44180(17) 
0.47029 (17) 
0.58569(16) 



0.3515 (2) 
0.2999 (2) 
0.1544 (2) 
0.1290 (2) 



0.3203 (2) 
0.37593 (19) 
0.43842 (19) 
0.49497 (19) 



0.0199 (4) 
0.0182(4) 
0.0174(4) 
0.0168 (4) 
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Cd 






(17) 




A O A £L A ZO\ 

U.z4o4 (z) 


a ao zn /o\ 
0.400 / (2) 


A A 1 H £. { A\ 

U.Ol lb (4) 




Co 




0.64M3 


/1 o\ 

(18) 




a TO/:'} /o\ 
U.iooJ (z) 


A A 1 O 1 ZO\ 

U.41ol (2) 


A AO 1 A (A \ 

U.UZ14 (4) 




HI 




0. /U36 






A A£1") 

0.46JZ 


A A AO 1 

U.40ol 


A AO/i* 

U.Ozo* 




C / 




a cinm 


(18) 




A A 1 OQ f1\ 

U.41zo (Zj 


A 1.6.ZA /'OA 

U.3oj4 (2) 


A AO 1 A ( A\ 

U.uzl4 (4) 




TT1 

riz 




U.Dljj 






A CACO" 


A TTH 

U.izl / 


A ao/;* 




/"I o 

Co 




A "7AAOT 

u. /99s / 


(17) 




a iT7i /o\ 
0.22/ 1 (2) 


A C A AO ZO\ 

O.MUo (z) 


A A 1 OO" ( A\ 

U.Olo / (4) 




cy 




U.Jez / J 


/1 o\ 

(18) 




A AT)1 /OA 

\3.\)225 (2) 


A A 1 A A /OA 

U.4344 (2) 


a Am (a \ 
U.Ol IS (4) 




Mnl 




(J. 14215 


( 3 ) 




A CAmO /OA 

U.jyjy /o (3) 


a 11 t?/: /o \ 
U.zl jSjO (j) 


A AO AC A /"\ C\ 

U.UzOM (1j) 




Ul 




A 11 OOI 


(13) 




A /I 1 1 0 /o 1 * 

U.41 lo (z ) 


A 0 AO AO /■ 1 CA 

u.zuzuy (i j ) 


A (A \ 

U.UjUj (4) 




uz 




0.23044 


(12) 




A 1 CilO / 1 0\ 

().3j2 /o (lo) 


A 1A1/10 i A C\ 

U.Jvl4o (ID) 


A AO/C 1 ( A\ 

(J.Uzol (4) 








0.87242 


(12) 




YJ.LD 1 /o (lo) 


(J.4oDoi (Id) 


A AO A C (1\ 

(J.0z4j (J) 




Uo 




0.82943 


(13) 




A O O O AO / 1 0\ 

O.zooUz (lo) 


A <:C/1AC / 1 CA 

0.O340J (13) 


A AOO"y1 ( A\ 

U.Oz /4 (4) 




u / 




0.28972 


(13) 




n nil /l A / 1 7\ 

U.lo 344 (1 /) 


O.JO/14 (lo) 


A AO A A i A \ 

U.Uz44 (4) 








0.09489 


(15) 




0. 9Q£1 
U.ZVOl ^z^ 


a ns^nn n 7^ 

U.UoOUU (^1 1 ) 


W.WZO / \H) 




09 




-0.04028 (17) 




0.5190 (3) 


0.2639 (2) 


0.0489 (6) 




H3 




0.143 (3) 




0.273 (4) 


0.034 (3) 


0.053 (10)* 




H4 




0.024 (3) 




0.306 (4) 


0.042 (4) 


0.068 (10)* 




H5 




-0.064 (3) 




0.590 (3) 


0.312(3) 


0.079(13)* 




H6 




-0.091 (3) 




0.457 (5) 


0.239 (5) 


0.114(17)* 




Atomic displacement parameters (A 2 ) 






U n 


IP 




U 33 


U n 




U 23 


CI 




0.0197(10) 


0.0151 


(10) 


0.0247(11) 


-0.0006 (8) 


-0.0031 (8) 


0.0011 (8) 


C2 




0.0176(10) 


0.0206 


(10) 


0.0166(10) 


0.0002 (8) 


0.0007 (7) 


0.0003 (8) 


C3 




0.0157 (9) 


0.0201 


(10) 


0.0163 (10) 


0.0020 (8) 


0.0004 (7) 


-0.0001 (8) 


C4 




0.0171 (9) 


0.0186 


(10) 


0.0147(10) 


0.0016 (8) 


-0.0007 (7) 


-0.0010 (7) 


C5 




0.0172(10) 


0.0191 


(10) 


0.0163 (10) 


0.0015 (8) 


-0.0002 (7) 


-0.0031 (8) 


C6 




0.0183 (10) 


0.0225 


(11) 


0.0233 (11) 


-0.0042 (8) 


0.0000 (8) 


0.0011 (8) 


C7 




0.0223 (10) 


0.0191 


(10) 


0.0225 (10) 


0.0012 (8) 


-0.0008 (8) 


0.0042 (8) 


C8 




0.0177(10) 


0.0154 


(10) 


0.0228(11) 


-0.0029 (8) 


-0.0027 (8) 


0.0029 (8) 


C9 




0.0158(10) 


0.0183 


(10) 


0.0178(10) 


0.0016(8) 


0.0002 (8) 


-0.0015 (8) 


Mnl 




0.0173 (2) 


0.0225 


(2) 


0.0215 (2) 


0.00180(12) 


-0.00320 (14) 


-0.00052 (12) 


01 




0.0221 (8) 


0.0426 


(10) 


0.0265 (8) 


0.0031 (7) 


-0.0023 (6) 


0.0113 (7) 


02 




0.0205 (8) 


0.0280 


(8) 


0.0299 (8) 


0.0030 (6) 


0.0035 (6) 


0.0038 (6) 


03 




0.0166 (7) 


0.0319 


(8) 


0.0247 (8) 


0.0000 (6) 


-0.0016(6) 


-0.0063 (6) 


06 




0.0260 (8) 


0.0289 


(8) 


0.0266 (8) 


-0.0003 (7) 


-0.0069 (6) 


-0.0097 (7) 


07 




0.0183 (8) 


0.0225 


(7) 


0.0315 (9) 


0.0000 (6) 


-0.0105 (6) 


0.0041 (6) 


08 




0.0185 (8) 


0.0339 


(9) 


0.0276 (9) 


0.0005 (7) 


-0.0007 (7) 


-0.0065 (7) 


09 




0.0217 (9) 


0.0638 


(14) 


0.0617(14) 


-0.0095 (9) 


0.0059 (9) 


-0.0353 (11) 


Geometric parameters ( 


A, °) 












Cl- 


-02 






1.253 (3) 


C8— 03 


1.260 (2) 


Cl- 


-01 






1.256 (2) 


C9— 07 


1.212(2) 


Cl- 


-C2 






1.504 (3) 


C9— C4' 


1.483 (3) 


C2- 


-C7 






1.386 (3) 


Mnl— 09 


2.1270(19) 


C2- 


-C3 






1.398 (3) 


Mnl— 03" 


2.1412(15) 


C3- 


-C4 






1.403 (3) 


Mnl— 06 m 


2.1508 (15) 


C3- 


-C9 






1.483 (3) 


Mnl— 01 


2.1547 (15) 
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C4— C5 
C4—C9 
C5— C6 
C5— C8 
C6— C7 
C6— HI 
C7— H2 
C8— 06 



1.396 (3) 
1.483 (3) 

1.378 (3) 
1.511 (3) 

1.379 (3) 
0.9300 
0.9300 
1.247 (2) 



Mnl— 08 
Mnl— 02 
03— Mnl' 
06— Mnl' 
08— H3 

08— H4 

09— H5 
09— H6 



2.2350(16) 
2.3637 (15) 
2.1412(15) 
2.1508 (15) 
0.78 (3) 
0.89 (4) 
0.812(10) 
0.809(10) 



02— CI— 01 

02— CI— C2 
01— CI— C2 
C7— C2— C3 
C7— C2— CI 
C3— C2— CI 
C2— C3— C4 
C2— C3— C9 
C4— C3— C9 
C5— C4— C3 
C5— C4— C9 1 
C3— C4— C9 1 
C6— C5— C4 
C6— C5— C8 
C4— C5— C8 
C5— C6— C7 
C5— C6— HI 
C7— C6— HI 
C6— C7— C2 
C6— C7— H2 
C2— C7— H2 
06— C8— 03 

06— C8— C5 

03— C8— C5 

07— C9— C4 1 
07— C9— C3 



121.11 (18) 
122.96 (18) 
115.40(17) 
118.63 (18) 
114.76(17) 
126.59 (18) 
119.69(18) 
120.34 (17) 
119.75 (18) 
120.36 (18) 
118.84(17) 
120.80(17) 
119.34(17) 
116.90(17) 
123.71 (17) 
120.24 (19) 
119.9 
119.9 

121.64(19) 

119.2 

119.2 

123.22 (18) 
118.82(17) 
117.82(17) 
120.01 (18) 
120.77(18) 



C4 1 — C9— C3 
09— Mnl— 03" 
09— Mnl— 06"' 
03"— Mnl— 06'" 
09— Mnl— 01 
03"— Mnl— 01 
06"'— Mnl— 01 
09— Mnl— 08 
03"— Mnl— 08 
06"'— Mnl— 08 
01— Mnl— 08 
09— Mnl— 02 
03"— Mnl— 02 
06"'— Mnl— 02 
01— Mnl— 02 
08— Mnl— 02 
CI— 01— Mnl 
CI— 02— Mnl 
C8— 03— Mnl iv 
C8— 06— Mnl 1 " 
Mnl— 08— H3 
Mnl— 08— H4 
H3— 08— H4 
Mnl— 09— H5 
Mnl— 09— H6 
H5— 09— H6 



119.05 (17) 
97.16(8) 
87.31 (7) 
91.81 (6) 
157.30 (8) 
102.77 (5) 
102.67 (6) 
87.05 (7) 
90.52 (6) 
174.13 (6) 
82.05 (6) 
103.28 (8) 
159.49 (5) 
87.45 (6) 
57.61 (5) 
92.25 (6) 
95.23 (12) 
85.71 (12) 
135.36 (13) 
151.88(14) 
114(2) 
112(2) 
110(3) 
120 (3) 
126 (4) 
114(5) 



02— CI— C2— C7 

01— CI— C2— C7 

02— CI— C2— C3 
01— CI— C2— C3 
C7— C2— C3— C4 
CI— C2— C3— C4 
C7— C2— C3— C9 
CI— C2— C3— C9 
C2— C3— C4— C5 
C9— C3— C4— C5 
C2— C3— C4— C9' 
C9— C3— C4— C9 1 
C3— C4— C5— C6 



-122.6 (2) 
49.1 (3) 
55.6(3) 
-132.7(2) 
3.3 (3) 
-174.94(18) 
-171.33 (17) 
10.5 (3) 
-1.8(3) 
172.81 (17) 
178.11 (17) 
-7.3 (3) 
-1.2 (3) 



C4— C5— C8— 03 
C2— C3— C9— 07 
C4— C3— C9— 07 
C2— C3— C9— C4' 
C4— C3— C9— C4 1 
02— CI— 01— Mnl 
C2— CI— 01— Mnl 
09— Mnl— 01— CI 
03"— Mnl— 01— CI 
06"'— Mnl— 01— CI 
08— Mnl— 01— CI 
02— Mnl— 01— CI 
01— CI— 02— Mnl 



84.0 (2) 
6.4 (3) 
-168.17(19) 
-178.27 (17) 

7.1 (3) 

6.2 (2) 
-165.70 (15) 
-39.0 (2) 
170.17(12) 
75.34 (13) 
-101.11 (13) 
-3.32(11) 
-5.63 (19) 
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C9'— C4— C5— C6 178.86 (18) C2— CI— 02— Mnl 165.63 (18) 

C3— C4— C5— C8 -178.52(18) 09— Mnl— 02— CI 169.94(12) 

C9'— C4— C5— C8 1.6(3) 03" — Mnl — 02 — CI -15.1(2) 

C4— C5— C6— C7 2.8(3) 06 m — Mnl— 02— CI -103.43 (12) 

C8— C5— C6— C7 -179.76(18) 01— Mnl— 02— CI 3.32(11) 

C5— C6— C7— C2 -1.3(3) 08— Mnl— 02— CI 82.44(12) 

C3— C2— C7— C6 -1.8(3) 06— C8— 03— Mnl" 168.36(14) 

CI— C2— C7— C6 176.64(19) C5— C8— 03— Mnl™ -15.9(3) 

C6— C5— C8— 06 82.5(2) 03— C8— 06— Mnl 1 " 112.0(3) 

C4— C5— C8— 06 -100.1 (2) C5— C8— 06— Mnl'" -63.7(4) 

C6— C5— C8— 03 -93.4 (2) 

Symmetry codes: (i) -x+\, -y, -z+1; (ii) -x+l, yf 1/2, -z+1/2; (iii) -*+ 1, -y+\, -z+1; (iv) -x+\,y-\l2, -z+1/2. 
Hydrogen-bond geometry (A, °) 



D—R-A 


D—R 


R-A 


D-A 


D—R-A 


08— H3-02 v 


0.78 (3) 


2.03 (3) 


2.775 (2) 


160 (3) 


08— H4-03 V1 


0.89 (4) 


1.86(4) 


2.742 (2) 


174 (3) 


08— H4-06 V1 


0.89 (4) 


2.60 (3) 


3.159(2) 


121 (3) 


09— H5-08™ 


0.81 (1) 


2.03 (1) 


2.832 (3) 


168 (4) 


09— H6-06 V1 


0.81 (1) 


2.38 (2) 


3.135 (3) 


157(5) 


09— H6-07™ 


0.81 (1) 


2.50 (4) 


3.031 (3) 


124 (4) 


Symmetry codes: (v) x, 


-y+V2, z-1/2; (vi) x-l, ~y+V2, z-1/2; (vii) -x, y+1/2, ■ 


-z+1/2. 
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